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Processes and Compositions for Water Treatment 

Field of the invention 

Ttus mvention relates to processes and compositions for the treatment of water 
contaminated with dissolved iaoiganic substances such as acids and/or metal ions, and to 
processes for preparing neutralised bauxite refinoty residues suitable for use in processes 
and compositions for the treatment of water contaminated with dissolved inorganic 
substances. 

Background of ttie Invention 

Contamination of water by inor^nic species such as metal ions, phosphate ions, 

sulfate ions, ammonium ions, metal oxyanion complexes and cyanide ions, or by acids, is 
a serious environm^ital concon in many places. For example, acid mine drainage is a 
common problem wherever sulfidic mine tailings are stored. Typically, acid mine 
drainage contains high concentrations of trace metals including toxic metals such as 
arsenic^ cadmium, chromium^ lead and others. Containment of water with a low pH and a 
high toxic metals load is a serious problem, because release of such water into rivers or 
natural aquifers could potentially cause serious environmental damage. Strategies for 
manag^nnt of acid mine drainage water exist but they are costiy, or are not completely 
effective, and usually involve long term monitoring and management to avoid the re- 
establishment of environmentally undesirable conditions caused by tiie influx or 
redevelopment of add conditions and consequmt redissolution of adsori^ed and/or 
precipitated contaminants. 

Other environmental problems resulting fiom contamination of water also exist 
For example, algal blooms resulting from hig^ phosphate loiads in waterways or bodies of 
water are an increasing concern around the world. Thus, there is a need for processes and 
compositions for remediating contaminated water that are simple, relatively inexpensive, 
and effective for the removal of inorganic contaminants. 

Bauxite refinery residues, commonly known as *Yed mud'^ which have been 
neutralised with seawater have been shown to be capable of binding trace metals such as 
copper, cadmium, zinc, chromium, nickel and lead under suitable conditions. 

Neutralisation of red mud is necessary because red muds are typically highly 
caustic, with a reaction pH of about 13.0. Consequently, they are hazardous to transport 
or store and storage &cilities require licensing, long term monitoring and manag^ent. 
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and final site remediation. The caustic red mud is unsuitable for most reuse ^plications, 
particularly tbose associated with enviiomneDtal rCTiediation, because it is unsafe to 
transport and apply, because it is a potential source of large quantities of sodium, and 
because if it were used for treatment of acidic water the presence of strong bases 
(particularly sodium hydroxide) creates a risk of overshooting treatment targets and 
replacing one set of environmental problems by another (e.g. replacing an acid problCTi 
by an alkali problem and releasing some previously boxmd metals that are soluble under 
elevated pH conditions). 

The safe long term storage and management of caustic red mud is also a major 
problem for bauxite refineries worldwide as is the eventual rehabilitation of the storage 
facilities. 

It is possible to neutralise red mud by adding strong acid (e.g. sulphuric acid) but 
this is an expensive management option, except where there si a surplus of waste acid. 
Fiuthermore the resulting solid material has no value as an acid neutralising agent 
because most of the hydroxides and carbonates have already reacted with the added 
hydrogen ions, ard much of the value of fhe material as a binding agent for trace metals 
and some other inorganic ions has also been lost. The caustic red mud can also be 
suspended in water and used to scrub potentially acid forming gases (particularly sulphur 
dioxide and nitrogen oxides) fix>m industrial chimney emissions. Weak organic acids 
produced by decomposing vegetation (e.g. compost of mulch) can also be used to 
neutralise the caustic red mud during rehabilitation of red mud storage &cilities» but the 
resulting neutralisation is superficial and red mud below the treated sur&ce can remain 
caustic (and potentially hazardous) for hundreds of years. 

The neutralisation of red mud with seawater requires treatment of the red mud with 
a considerable volume of seawater relative to tiie volmne of red mud. Accordingly there 
is a need for a process for neutralising red mud whidi is more economical and capable of 
being carried out in a more controlled way. Furthermore, not all bauxite refineries are 
close enough to tiie sea to be able to neutralise red mud with seawater. There is therefore 
a need for a process for neutralising red mud that is arable of being used at locations that 
are not close to the sea. 

One aspect of the present invention is based on a discovery by the inventors of how 
seawater causes the neutralisation of red mud. This knowledge can thus be applied to 
enable the bauxite refinery residues to be neutralised by other means. 
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Although treatment of contaminated water such as acid mine drainage with 
neutralised red mud is capable of effecting a substantial improvement in the quality of the 
water, the quantities of neutralised red muds required are relatively large. Hence, there 
remains a need for a more economical process for treating contaminated water using 
neutralised red mud 

Surprisingly, the present inventors have discovered fbst such properties as 
immobilisation (including the minimisation of equilibrium repartitioning), reserve 
alkalinity, sludge volume reduction, and prolonged activity are enhanced and substantial 
reduction in the cost of treating contaminated water, such as acid mine drainage, can be 
achieved by treating the water in stages, in which at least one of the stages includes the 
' use of neutralised bauxite refin^ residue* The treatment also causes flocculation and the 
consequent reduction in the total suspended soUds load in the water* 

Summary of the Invention 

According to a first embodiment of the invention there is provided a process for 
treating acidic water containing dissolved inorganic substances, comprising the stqjs of 
(i) adding a pH-raising additive in an amount sufficient to increase the pH of the water 
to a predetermined value; and 

Qi) adding neutralised bauxite refinery residue to the water, optionally together with 
one or more water treating additives, in an amount sufficient to decrease the concentration 
of at least one of said inorganic substances in said water to below a predetermined level 

Advantageously, if any water-insoluble substance is suspended in the water after 
step (i), the process of the first embodiment may further include the step of separating or 
allowing to settle at least part of the water-insoluble substance before step (ii). 

According to a second embodiment of the invention there is provided a process for 
treating water containing dissolved inorganic substances, comprising the steps of 

(i) adding a fixst amount of neutralised bauxite refinery residue to said water in an 
amount sufficient to decrease ^e concentration of at least one inorganic substance in said 
water; and 

(ii) adding a second amount of neutralised bauxite refinery residue to said water in an 
amount sufficient to decrease the concentration of at least one of said inorganic 
substances to below a predetermined level; 

wherein in at least one of step (i) and Aep (ii), said neutralised bauxite refinery residue is 
added to said water together with one or more water treating additives. Third and 
subsequent additions of neutralized bauxite refin^ residue, with or without added water 
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treating additives, can be ^)plied to decrease the concentration of other inorganic 
substances to below predetermined levels. 

Advantageously, the process of the second ^bodimmt may furttier include the step 
of separating or allowing to settle at least part of any insoluble material suspended in the 
5 water after step (i) and before step (ii). 

In a third embodiment of the invention, there is provided a composition comprising 
a mixture of neutralised bauxite refinery residue and a water treating additive. Typically, 
the con^osition is a mixture of neutralised bauxite refinery residue and one or more 
substances selected JBrom ttie group consisting of alkali metal hydroxides (e.g. sodium 
10 hydroxide), alkali metal carbonates (e.g. sodium carbonate), alkaline earth metal 
hydroxides (e.g. calcium hydroxide), alkaline earth metal carbonates (e.g. calcium 
carbonate), alkaline earth metal oxides (e.g. magnesium oxide), calcium hypochlorite, 
sodium alum, ferrous sul&te, aluminium sul&te, soluble phosphates (e.g. ammonium 
phosphate), phosphoric acid, hydrotalcite, zeolites, olivines and pyroxenes (including 
15 those present in basic and ultra basic igneous rocks), barium chloride, silicic acid and 
salts thereof meta silicic acid and salts thereof and magadiite. 

According to a fourth embodiment of the invention, there is provided a process for 
neutralising red mud, comprising mixing red mud with an aqueous treating solution 
containing a base amount and a treating amount of calcium ions and a base amount and a 
20 treating amoimt of magnesium ions, for a time sufGcient to produce an at least partially 
neutralised red mud and a spent aqueous solution, wherein: 

said at least partially neutralised red mud has a reaction pH, when one part by 
weight is mixed witii 5 parts by weight of distilled or d^onised water, of less than 10.S; 
. said base amounts of calcium and magnesium ions are 8 millimoles and 12 
25 millimoles, respectively, per litre of the total volume of said treating solution and said red 
mud, 

said treating amount of calcium ions is at least 25 millimoles per mole of total 
alkalinity of the red mud e?^essed as calcium caibonate equivalent alkalinity and 

said treating amount of magnesium ions is at least 400 millimoles per mole of total 
30 alkalinity of &e red mud expressed as calcium carbonate equivalent alkalinity, 

provided that said aqueous treating solution is other than seawater. 

According to a fifth embodiment of the present invention, there is provided an at 
least partially neutralised red mud when prepared by the process of the fourth 
CTibodiment 

35 As used hereixi, it wiU be understood that the expression '*total alkalim 
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mud expressed as calcium carbonate equivalent alkalinit/' means Hie alkalinity of the red 
mud as measured by titratian against acid to an end-point of about pH 42, expressed as if 
the whole of the alkalmity so measured was due to the presence of calcium carbonate. 

In the processes and compositions of the first to third embodiments of the invention 
the neutralised bauxite refinery residue is a by-product of bauxite refining, conmumly 
referred to as ••ted mud", which has been treated with seawater, saline ground water or 
other water containing sufficient calcium and magnesium ions to react with substantially 
all of the hydroxide, carbonate, fluoride and oxalate ions presmt in the red mud, and for a 
time sufficient for the red mud to exhibit a reaction pH of less than 10.5, typically 8.2 - 
9.0, more typically 8.4 - 8.8, in a standard soil test when 1 part by weight of the 
neutralised red mud is mixed with 5 parts by weight of distilled or deionised water. 
Herein, neutralised bauxite refinery residue obtained JBrom red mud in this way will be 
referred to for convenience as "neutralised red mud". Typically, the neutralised red mud 
used in the processes of the first to third embodiments is a neutralised red mud of the fifth 
embodiment, although red mud neutralized by seawater can also be used. 

Neutralised red mud is typically a heterogeneom mixture of minerals in which the 
major constituents are hematite, boehmite, gibbsite, sodalite, quartz and cancrinite, but in 
which other miuOTals are usually present in smaller amounts, such as anhydrite, aragonite, 
bassanite, brucite, calcite, diaspore, fenihydiite, gypsum, hydrocalumite, hydrotaldte, 
ihnenite, lepidocrocite, maghemite, p-aluminohydrocalcite, portlandite and whewcllite. 
Neutralised red mud is typically a red-coloured substance that has the ability to neutralise 
up to 7.5 moles of acid per kg of neutralised red mud, and to umnobDise at least 1000 
meq of trace metals per kg of neutralised red mud. It can also typically bmd some anions, 
including phosphate, sulfate, metal oxyanions and cyanide. 

In the process of the first embodiment, the pH raising additive is typically calcium 
hydroxide or sodium carbonate, but it may be any other alkaline substance, such as 
sodium hydroxide, potassium hydroxide, sodium bicarbonate, calcium caibormte or 
magnesimn oxide. It is preferable that an additive be used that is not strongly alkaline 
because it may then be difficult to control the pH of the water being treated so that it does 
not become too alkaline. A further suitable pH-raising additive is the solid precipitate 
obtainable Scorn treating the alkaline liquor separated ftom red mud in the bauxite refining 
process, with seawater. In the course of bauxite refining, the solid waste known as red 
mud is obtained, firom which an aqueous liquor may be sq)arated by known means such 
as heap drainage, settlement and decantation, filtration, centrifiigation, and the like. 
Addition of seawater to this liquor results in the precipitation of a solid which can be used 
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as a pH raising additive. Use of this matocial has the advantage over the use of calcium 
hydroxide or sodium caibonate that it does not result in higher concentrations of calcium 
or sodium ions in the water being treated 

A water treating additive for use to^tho* with neutralised red mud is typically a 
5 substance that is capable of changing the pH of water to which the additive is added, or is 
a substance that is capable of reacting with one or more ions in the water to produce an 
insoluble product, or is a substance that is capable of adsorbing one or more ions in the 
water or is a substance tiiat can react with one or more ions in the water and render it 
environmentally inert. Typically, the water treating additive is selected from the group J 

10 consisting of alkali metal hydroxides (e.g. sodium hydroxide), alkali metal carbonates 
(e.g. sodium carbonate), alkaline earth metal hydroxides (e«g. calcium hydroxide), 
alkaline earth metal caibonates (e.g. calcium carbonate), alkaline earth metal oxides (e.g. 
magnesium oxide), calcium hypochlorite, sodium hypochlorite, sodium alum, ferrous 
sul&te, aluminium sulfate, soluble phosphates (e«g. ammoniinn phosphate), phosphoric 

15 acid, hydrotalcite, zeolites, olivines and pyroxenes ^eluding those present in basic and 
ultra basic igneous rocks), barium chloride, silicic add and salts thereof, meta silicic acid 
and salts thereof and magadiite. The water treating additive may also be the solids 
obtainable fiom seawater treatment of the aqueous liquor separated jGrom red mud, as 
described above. 

20 The neutralised red mud, when used together with one or more water treating 

additives, may be used as a mixture with the water treating additive(s)(h^inafter referred 
to as a ^'neutralised red mud blend") in the processes of the first and second embodiments' 
of the invention, or the neutralised red mud may be added to the water sqsarately ficom the 
water treating additive(s). In the latter case, the neutralised red mud and the water 

25 treating additive(s) may be added simultaneously or one after flie oflier, in any order. 
Usually, when the neutralised red mud is used with one or more watw treating additives, 
the neutralised red mud is used as a mixture with the water treating additive(s). 
Typically, the amount of water treating additive is fiom 0.1% to 90% by weight of the 
total weigiht of the mixture, more typically fiom 0.5% to 30% by wdght of the total 

30 wdght of tiie mixture, still more typically fiom 1 % to 20% by weight of the wei£^t of the 
mixture^ for example 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 15, 16, 18 or 20% by weight of flie 
total weight of the mixture. Thus, the compositions of the third embodiment typically 
consist of a water treating additive selected Gxm the group consisting of alkali metal 
hydroxides (e.g. sodiimi hydroxide), alkali metal caibonates (e.g. sodium carbonate), 

35 alkaline earth metal hydroxides (e.g. calcimn hydroxide), alkaline earth metal caibonates 
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(e.g. calcium caibonate), alkaline eaith metal oxides (e.g. magaesium oxideX calciim 
hypochlorite, sodium alum, fenous sulfate, aluminium sulfiite, soluble phosphates (e.g. 
ammonium phosphate), phosphoric acid, hydiotaldle, zeolites^ olivines and pyroxenes 
(including those present in basic and ultra basic igneous rocks), barium chloride, silicic 
acid and salts thereof, meta silicic acid and salts thereof, and magadiite, in an amount of 
from 0.1% to 90% by weight based on the total weigjit of the composition, and the 
balance neutralised red mud. 

Typically, in the process of Ifae second embodiment, the water is acidic water. 
More typically, the water is acid mine drainage or acid rock drainage water. The process 
of the second embodiment may further comprise the step of adjusting flie pH of the water 
before the step of adding the first amount of neutralised red mud.. 

The process of the second embodiment may also further conqnise one or more 
additional steps of adding one or more finther additives between the step of adding the 
first amoimt of neutralised red mud and the step of adding the second amount of 
neutralised red mud. Such a further additive may be any suitable water-treating additive, 
but will typically be neutralised red mud or neutrahsed red mud together with one or more 
water treating additives as exemplified above. Usually, the process will include the step 
of separating or allowing to settle at least part of any insoluble matter suspended in the 
water after the step of addmg an additive, and before the next step of adding a differait 
additive. 

Thus, one form of the process of the second embodiment provides a process for 
treating water containing dissolved inorganic substances, comprising the stqjs of 

(i) adding a first amount of neutralised red mud to said water in an amoimt sufficient to 
decrease the concentration of at least one of said inorganic substances in said water, 

(ii) adding a second amount of neutralised red mud to said water in an amount 
suflficimt to decrease the concentration of at least one of said inorganic substances in said 
water, and 

(iii) adding a third amoimt of neutralised red mud to said water in an amount sufficient 
to deoiease fiie concentration of at least one of s^d inorganic substances, to. below a 
predetermined level; 

wherein in at least one of steps (i), (ii) and (iii), said neutralised red mud is added to 
said water together with one or more water treating additives. 

Usually, in this form of the process of the second embodiment, the process further 
mcludes the step of (i)(a) separating or allowmg to settle at least part of any insoluble 
material suspended m the water alter step (i) and/or the further step of (ii)(a) separating or 
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allowing to settle at least part of any insoluble material susp^ided in the water after step 
(ii). More usually, this form of the process of the second embodiment includes both step 
(i)(a) and step (ii)(a). 

Detailed Deacription of the Invention 

In the processes of the first and second embodiments of the invention^ the amounts 
of neutralised red mud to be used, and the nature and quantity of water tteating additives 
used with the neutralised red mud will depend on the type of contaminants present in the 
water, their amounts^ the initial pH of the water and the target contaminant concentraticins 
and pH to be met. 

Dissolved inorganic substances in water whose concentration can be reduced by the 
processes of the first and second embodiments of the invention include^ but are not 
limited to, acids; metal ions such as lead, cadmium, chromium, mercury, copper, arsenic, 
alu minium , iron, 2dnc, cobalt, nickel, manganese and other environmentally damaging or 
toxic metal ions; and anions such as phosphate, oxalate, carbonate, sulfate, metal 
oxyaiuon complexes and cyanide. 

Typically, where the initial pH of the water to be treated is low, for example less 
than about 4, the process of the first embodiment may be utilised. That is, in such 
conditions, a pH-raising additive such as, but not limited to, calcium hydroxide or sodium 
carbonate may be added to the water as a first step, Altematively, a process of the second 
embodiment may be utilised wherein in the first step the neutralised red mud is used 
together with a pH-raising additive such as calcium hydroxide' or sodium carbonate. 
Usually in these processes, the fiist step raises the pH of the water to the range of about 4- 
5, more usually about 4.5-4.6. 

Generally, in the processes of the first and second embodiments of the invention, an 
amount of 0,1-50 g/L of nortralised red mud, or a mixture of it with a water treating 
additive, will be used in each of the steps, more typically fix>m 1-10 g/L in each step, still 
more typically firom 2-5 g/L per stq). However, as noted above, the amounts will depend 
on the type and concentration of the contaminants present in the water. The amounts used 
will also depend on the desired quality (Le. the pH and the concentration of inorganic 
conta min a nt s, especially metal ions) of the water after treatment according to the process 
of the invention. 

f The choice of water treating additive (if any) to be used with the neutralised red 
mud will depend on the quality of the water to be treated. As a guide, it will usually be 
1 appropriate to choose a water treating additive that is capable of precipitating, or 
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otherwise tramsferring to the solid phase sudi as by coprecipitation, adsorption or 
isomocphous substitution, one or more inorganic ions known to be present in undesirably 
hi£^ concentrations in the water. 

For instance, a water treating additive that contains silicate or phosphate anions can 
5 be used to precipitate metal ions» especially where sudi metal icms are present in 
concentrations that exceed the capacity of, say, 10 g/L of neutralised red mud to bind 
them. Similarly, alimi may be used as a water treating additive to assist in arsenic 
removal, especially at near neutral pH. Calcium containing additives may be used to 
assist in removal of oxalate ions, sul&te ions, fluoride ions and/or carbonate. 

10 Where the water to be treated contains relatively high concentrations of chromium 

ions and/or organic matter (such as tannery wastes) it is typically appropriate to utilise a 
blend of neutralised red mud with 20-30% by weight, based on the total wei^t of the 
blend, of calcium hydroxide. Where the water contains high concentrations of copper and 
arsenic, it is typically appropriate to utilise a blend of neutralised red mud with 2 - 10 % 

15 by wei^t of ferrous sulfate and 2 - 10 % by weight of aluminium sulfiite. 

Where the water to be treated contains relatively high concentrations of cyanide, a 
hypochlorite such as calcium hypochlorite or sodium hypochlorite will typically be used 
as the water treating additive. Where the water to be treated contains relatively high 
concentrations of oxyanions, a wat^ treating additive that lowers the pH of the water and 

20 provides aluminium and/or iron ions to bind with the oxyanions will typically be used, 
optionally together with mmor extra amounts of calcium. Thus, in this situation the water 
treating additive will typically be ferric alum or a mixture of ferrous sulfate and 
aluminium sulfate, optionally together with calcium carbonate. 

Where the water has a high acidity compared to its trace metal content (excluding 

25 iron and aluminium, which contribute to the stored acidity) an additive such as a 
carbonate or hydroxide is typically selected, in order to raise the pH. On the other hand, if 
the metal contmt (other than iron and aluminium) is high relative to the acidity, 
neutralised red mud without any additive is typically xiseA If the pH is above 7.5, the 
neutralised red mud can be rendered more effective by adding an acid generating additive 

30 such as ferrous sulphate or aluminium su^hate. Alternatively, an acid can be added to 
the water, but this is usually less preferred because it is more difficult to control the pH of 
the water if an acid is added directly. The use of a mixture of neutralised red mud with 
ferroxis sulfate and/or aluminixim sulfate can give rise to a lower pH in the immediate 
mvironment of the neutralised red mud, significantly increasing its capability to bind 

35 metal ions, witfiout greatly affecting the pH of the bulk of the water. 
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For any given ^plication, laboratory scale trials on a sample of the water to be 
treated will usually be carried out before treating the contaminated water body as a whole, 
in ord^ to arrive at a treatment protocol which is effective and which provides a 
substantial reduction in the cost of treating the water compared to the cost of treating it 
with neutralised red mud alone. Given the teaching herein, a person of ordinary skill in 
the art will be able to arrive at effective treatment pmtocols wiftiout difficulty. 

Preferably, in the processes of the first and second embodiments of the inv^ition, 
treatment steps mvolving the addition of neutralised red mud involve the gradual addition 
of tiie neutralised red mud 

Advantageously, the neutralised red mud and any other water treating additive($) 
is/are held in suspension in the water being treated for sufficient time to ensure that 
reactions involved in neutralising pH and removing trace metals can go to completion (or 
close to conqiletion). Typically, the neutralised red mud and any water treating additives 
will be held in suspension in the water for a minimum of 24 hours. In deep water bodies 
keeping the neutralised red mud (or neutralised red mud blend) in suspension for over 24 
hours presents no difficulty because the matenal settles slowly. Hmce, for treating deep 
water bodies, the neutralised red mud and any wat^ treating additives can be rapidly 
mixed witii a portion of the water to be treated and added as a suspension to the main 
water body. However, in shallower water bodies (typically those less tbaii about 3 m 
deep) the solids to be added are typically mixed with the water to be treated for at least.30 
minutes before the suspension is added, to the main water body. Suitably, all large 
particles in the neutralised red mud are broken up (because fine grained particles react 
more effectively) and any foreign matter (sticks, stones, etc.) is removed Typically 
particles will all be less than 1 mm in size and most will be less tiian 0.1 mm in size. 
Most individual crystals of neutralised red mud will be less than 0.01 mm in size. 

Where the water to be treated also needs to be transferred to motbsac location (for 
example, to be transferred from an industrial plant to a tailings or holding dam) using 
pipes and pumps, the first treatment step can be achieved by adding the first increment of 
neutralised red mud with .or witiiout the water treatment additives before the water is 
pumped down the pipe to the storage &cility. This procedure accelerates the water 
treatment reactions and protects the pipes and pun4)s fiom corrosian by acidic metal-rich 
water. 

Any convenient method can be used to ensure that the neutralised red mud (and any 
other water treating additives) is held in suspension in the water bdng treated for 
sufficient time and to ensure that all large particles in the neutralised red mud are broken 
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up. These objectives can be achieved by grinding tiie neutralised red mud before use» but 
Ifais option adds to the cost of the treatment. Hence, it is prefetred to add the neutralised 
red mud (or neutralised red mud blend) and some of the water to be treated to a large tank 
and to mix the neutralised red mud (or neutralised red mud blend) with the water using 

5 recirculating pun9)s or a mechanical agitator for 20 - 30 minutes. The resulting 
neutralised red mud (or neutralised red mud blencQ slurry is then screened to remove any 
large contaminant material and dispensed into the main water body being treated using 
any convenient type of spray (e.g. a water cannon) or sprinkler (e.g. dispensing fixmi a 
floating barge) system. Alternatively, the disaggregation and dispersion of the neutralised 

10 red mud, and/or any water treating additives, in the water can also be achieved by 
turbulent flow in pipes during pumping to a holding facility. It will be s^preciated, 
however, that it is not essential ^t the neutralised red mud (or neutralised red mud 
blend) be added as a slurry. It may be convenient in some situations to add the 
neutralised red mud (or neutralised red mud blend) as a dry powder. 

15 Because many of the reactions involved in acid neutralisation and metal removal by 

neutralised red mud are relatively slow, the rate at which the neutralised red mud (or 
neutralised red mud blend) is added to the water body being treated is important for most 
cost-effective application of the processes of the invration. If the neutralised red mud (or 
neutralised red mud blend) is added too r^idly, it does not react compl^ely and more 

20 neutralised red mud (or neutralised red mud blend) will be required to achieve the desired 
level of treatment. Generally, therefore, the treatment is spread over a minimimi of 120 
hours or involves an ^plication rate of neutralised red mud or neutralised red mud 
together with one or more water treating additives of not more than 1 g of neutralised red 
mud (or neutralised red mud and one or more water treating additives) per Utre of 

25 contaminated water about every 6-12 hours; timing is typically based on whichever is the 
slower rate of addition in these two alternatives. It is possible to apply the neutralised red 
mud (or n^tralised red mud and one or more water treating additives) more rapidly, but 
higher application rates result, which are less cost-effective. In extreme cases it may not 
be possible to reach desired water quality targets if the neutralised red mud or neutralised 

30 red mud blend is added too rapidly. 

Therefore, the application of a suspension of neutralised red mud (or neutralised red 
mud blend) in water to the surfece of water to be treated is typically carried out 
portionwise. That is, portions of the total amount of neutralised red mud (or neutralised 
red mud blend) to be added may be suspended in wat^ as described above and added at 

35 intervals so as to spread the treatment over at least 120 hours or so as to apply the 
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neutralised red mud at a rate of not more than Ig/L of water to be treated every 2-12 
hours, until the whole of the neutralised red mud to be added has been applied to the 
water. 

Neutralised red mud and mixtures of neutralised red mud with one or more water 

s treating additives can bind metals very efficiency and metal concentration gradients 
between the solid (neutralised red mud) phase and the contaminated water of in excess of 
10,000:1 can develop for some metals in some water bodies. However, equilibrium 
repartitioning between the solid (neutralised red mud) phase and the contaminated water 
makes it difBcult to maintain these very high concentration gradients for the time required 

10 for reactions to go to completion or until such time as all the water can be discharged. 
For contaminated waters with particularly high concentrations of some metals> the rate of 
metal release fiom the neulrahsed red mud during equilibrium repartitioning can balance 
or exceed the rate of metal removal as new neutralised red mud is added to the water, Le. 
there is no further improvement in water qiiality as more neutralised red mud is added. 

IS This problem is overcome by a process of the second embodiment in which partly 

treated water is s^arated JGcom the used neutralised red mud solids and tiien water 
treatment is continued; only one s^aration aiid fiirtiier treatment is usually necessary, but 
two or more may be required for highly metal contaminated water. Typically, the first 
separation is carried out when the pH of the wat^ has been raised to about 4.S and a 

20 second sq)aration (if require^ is carried out when the pH has been raised to about 6«S; 
however, other separation points could be more suitable for some contaminated waters. _ 



Separation of used neutralised red mud solids and/or other inorganic msohible 
matter fiom the aqueous phase may be achieved by conventional means. Solid matter 
may siraply be allowed to settie in tiie water and may remain as a settled layer in contact 
25 with the water, but other methods such as decantation, filtration or centrifugation are 
more typically used. 



In the processes of the second embodiment, the neutralised red mud or type of 
neutralised red mud blend bdng used is changed part way through the treatment process. 
. Any change in blend usually coincides with a separation, of the solid and liquid phases as 
30 described above* Changes in the neutralised red mud blend are typically required when 



about 6.5. Howev^, changes can also be made at other points as detomined during the 
laboratory trials for the particular water body. For example^ where very low pH wat^ 
with a high zinc content is being treated, a blend of neutralised red mud with 5% by 
35 weight of calcium hydroxide may be used until the pH is raised to about 4.5, then the 





the pH of the water has been raised to about 4. S and again when the pH has been raised to 
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solid and liquid phases are separated and treatment is continued using a blend of 
neutralised red mud with 1% by weight of calcium hydroxide until the pH is raised to 
about 6.7. If the use of a blend of neutralised red mud with 5% by weight of calcium 
hydroxide is continued v/hea the pH has risen above about 4.5, the pH may tend to rise 
5 too rapidly for adequate pH control, and as a result the efSciency of metal removal will be 
rediiced, or there may be a release mto solution of metals which had previously been 
bound by the neutralised red mud. After the pH reaches about 6.7 the liquid and solids 
are separated a second time and treatment may be completed using a blend of neutralised 
red mud with 2% by weight of sodium caibonate, or neutralised red mud alone. Other 

10 blend combinations and points of change in blend can be used depending on the water 
con^osition and the results of the laboratory tests on the contaminated water. 

Typical indications of when a change of water treatment additive is required are as 
follows: (a) when the rate of pH change becomes too r^id it will typically be ^propiiate 
to change to a neutralised red mud blmd containing less alkaUne additive, or to 

15 neutralised red mud without any additive; (b) when efBciency of metal removal begins to 
decrease it will typically be ^spiopriate to change to a neutralised red mud blend 
containing sodium carbonate or other soluble carbonate to increase the formation of metal 
carbonates, or to change to a neutralised red mud blaid containing a greater proportion of 
neutralised red mud (or to neutralised red mud without additives), to provide more metal 

20 binding sites; (c) if any greenish precipitate (reduced iron) begins to form it will typically 
be ^propriate to change to a neutralised red mud blend containing less calcium 
hydroxide and more neutralised red mud and (d) if the rate of change of i>H with further 
incr^ental additions of neutralised red mud or neutralised red mud blend decreases 
significantly, or the pH remains steady, it will typically be ^jpropriate to change to a 

25 neutralised red mud blend containing calcium hydroxide or calciimi carbonate, or one 
containing more calcium hydroxide or calcixun carbonate than was being used previously. 

Because it is important to avoid discharging, to natural waterways, any very fine 
grained neutralised red mud that may remain in suspension after treatment has been 
completed, the treated water is typically discharged through a filter system, even though 

30 the neutralized red mud has been discovered by the inventors to be an excellent 
flocculant The simplest filter system is a sand filter, but other materials including 
pelletised clay minerals (particularly glauoonite), weathered l^illi taS, or zeolites may be 
used successfiiUy; other coarse silt to fine gravel sized filt^ materials can also be used 
alone or in combination with the minerals. Filter materials can also be selected such that 

35 th^ will ^ply a final polish to the treated water by removing some of any remaining 
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metals as well as blocking the passage of any very fine suspended neutralised red mud 
particles; degraded gflaaconite or zeolites are particularly well suited to this purpose. 
Materials used in the filters need to be sufficiently fine grained to block the escape of any 
very fine suspended neutralised red mud particles, but not so fine as to adversely reduce 

5 water flow through the filter. Filters may be fed horizontally or they may be vertically 
aUgned and £sd eitiier fix>m above or fix»n below; the preferred option is a vertically 
aligned filter with the water to be filtered being added finom below. 

Water treated by the procedures outlined above typically has a near neutral pH and 
a very low metal content. However, the concentration of sulfate or the total salt conteut, 

10 fi>r example, may remain above acceptable levels for discharge. Where ftds is the case 
other treatments can be used after the neutralised red mud treatment to achieve -the 
requked water quality targets. Possible sipplementary treatments include the use of 
sulfate reducing bacteria or reverse osmosis methods; other suj^lementaiy treatments are 
also possible. Where it is intended tibat a supplementary treatment is to be used, it may be 

15 cost-effective to terminate the neutralised red mud addition sligibtly before maximum 
treatment has been reached and to switch to flie supplementary treatment to complete the 
process. For example, where sul&te reducing bacteria (SRBs) are to be used to remove 
sulfate, it may be more cost-effective to change to this treatment once the pH has heea 
raised to about 7.0 and most metals have been removed, rather than waiting until the final 

20 treatmrat completion pH of about 8.2 has been reached; this ^)proach is viable because 
the SRBs can remove zinc and mang^mese very efficiently and these are two of tiie last 
metals to be removed during normal neutralised red'mud treatment procedures. Where 
SRBs or reverse osmosis methods are to be included in the treatment process, much of the 
initial pH neutralisation and metal removal needs to have been completed by neutralised 

25 red mud addition because the supplementary treatments do not work well for very low pH 
water or for water with a particularly high metal load. 

The processes of the first and second embodiments of the invention provide 
numerous advantages over prior art processes. For example: (a) the invention provides 
for the use of a treatment reagent that is based on an mdustrial waste product and hence at 

30 many sites it can be provided at a lowor cost than any alternatives; (b) the processes of the 
present invention provide more economical and efficient methods for treating water than 
is achievable by tiie use of neutralised red mud alone in a single-step treatment; (c) prior 
art treatments such as the addition of lime or otiier reagents do not reduce trace metal 
concentrations to the low levels achievable by the use of the processes of tiie present 

35 invention; (d) use of the processes of the present invention does not produce large 
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quantities of sludge (which are expensive to manage or dispose of) such as are produced 
by the use of lime; (e) the sediment produced by using the processes of the present 
invention is stable and will not release metals during nomial leaching whereas the 
sediment produced by using lime is not stable and can become costly to manage or 
dispose of safely; and (f) where reagents are used in prior art processes to take iqp metals 
by adsorption, those metals can easily be released if geochemical conditions change, 
whereas in the processes of the present invention adsorption makes only a minor 
contribution to metal tcs^ping, and release of metals is greatly decreased 
Neutralisation of bauxite refinery residues (red mud'^ 

The principal sources of caustic and alkalinity in bauxite refinery residues are 
sodium hydroxide and sodiiun carbonate and these can be converted to low solubility 
materials by adding appmpnzte amomxts of magnesium and calcium in accordance with 
the fourth embodiment of the present invention. The resulting material retains its acid 
neutralising capacity but has a reaction pH when mixed with five times its weight of 
water that is less than 10.5, typically 8.2 to 9.0, more typically between 8.4 and 8.8. 
Because the calcium and magnesium must be added as ions, the treatment must take place 
with the bauxite refinery residues in aqueous suspension and the calcium and magnesium 
added in solution. 

When the calcium and magnesiiun are added, the magnesiiun reacts with sodium 
hydroxide to form low solubility brucite and magnesivun aluminium hydroxides 
(hydrocaluniite, hydiotalcite and p-aluminohydrocalcite) and the displaced sodium 
remains in solution; some hydroxide is also consumed in the precipitation of addition^ 
boehmite and gibbsite. Most of the boehmite, gibbsite, hydrocalumite, hydrotalcite and 
p-aluminohydrocalcite is present in the red mud residues before the magnesium and 
calcium are added, but oystal growth continues as the pH of tibie mixture decreases and 
aluminitmi becomes less soluble. Simultaneously, the calcium reacts with the carbonate 
fix)m the sodium carbonate to form low solubility calcite and aragonite and the displaced 
sodium remains in solutioiL Some calcium is also consumed in the formation of other 
minerals (whewellite, canainite, fluorite, portlandite, hydrocalumite, and p- 
aluminohydrocalcite), but this is oflfset by tiie consunqjtion of carbonate in the 
precipitation of cancrinite, p-aluminohydiocalcite and hydrotalcite, and by the 
isomorphous substitution of magnesium for calcium in &e aragonite. 

To treat the red mud it is necessary for the aqueous treating solution to contain 
certain minimum amoimts of calcium and magnesium ions. A proportion of the calciimi 
and magnesium ions reacts with the red mud, but it has been found by the present 
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inventors that not all of the calcium and magnesium that is added will react. Specifically, 
it has been foimd tibat it is necessary to ensure tiiat there are sufBdent calcium and 
magnesium ions in the aqueous treating solution to provide a minimum of 8 millimoles of 
calcium and 12 millimoles of magnesium per litre of the total volxune of treating solution 

5 and red mud (that is» 320 mg of caldmn and 290 mg of magnesium per litre of tibe total 
volume) after tibie treatment is completed. The quantities are temied herein the '*base 
amount*' of each of the two ions, and are the amounts remaining in the spent solution after 
the red mud has been fully neutralised. It is possible to add an excess of calcium and/or 
magnesium, so that more than the base amount remains in the spent aqueous solution^ but 

10 this is not recommended because it adds to the treatment cost without irr^roving the 
effectiveness of the treatment. 

In addition to the base amounts^ the present inventors have discovered ttiat in order 
to at least partially neutralise the red mud it is necessary to add to the red mud at least 25 
millimoles, typically between 25 and 50 millimoles, of calcium and at least 400 

15 millimoles, typically between 400 and 600 millimoles, of magnesium per mole of total 
alkalinity of the red mud expressed as the calcium carbonate equivalent alkalinity. These 
amounts are herein termed the ^'treating amounts" and correspond to at least 10 g of 
calcium, typically fix>m 10 g to 20 g of calcimn, per kg of calcium carbonate equivalent 
alkalinitv and at least 96 g of magnesium, typically fiom 96 g to 144 g of magnesium p^ 

20 kg of calcium carbonate equivalrat alkalinity. The preferred treating amounts are 25 
millimoles of calcium and 400 millimoles of magnesium per mole of total alkalinity 
expressed as the calcium carbonate equivalent alkalinity (i.e. 10 mg of calcium and 96 mg 
J of magnesium per g of calcium carbonate equivalent alkalinity). 

To achieve optimum precipitation of low solubility hydroxides (mainly tnrucite) and 

25 carbonates (mainly calcite and aragonite) and effective neutralisation of flie caustic in the 
red mud, the ratio of the treating amount of magnesium to the treating amount of calcium 
in the aqueous treating solution should preferably be in the range of 12 moles of 
magnesium per mole of calcium (i.e. 7.2 g Mg : 1 g Ca) to 20 moles of magnesium per 
mole of calcium (i.e. 12 g Mg : 1 g Ca). Preferably, the ratio of the treating amount of 

30 magnesium to the treating amount of calcium is in the range of 14 moles of magnesium 
per mole of calcium G.e. 8.4 g Mg : 1 g Ca) to 18 moles of magnesium per mole of 
calcium (i.e. 10.8 g Mg : 1 g Ca) and the more preferred ratio is 16 moles of magnesium 
per mole of calcium G-e. 9.6 g Mg : 1 g Ca). 

The calcium and magnesium can be obtained from any suitable source^ but they 

35 must be in solution when added to the red mud. Suitable sources of caldum and 
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magnesium are hard groundwater brines, natural saline brines (e.g. ev^oratively 
concentrated seawater, bittern brines fix>m salt mines or salt lake brines), saline 
wastewaters (e.g. fiom desalination plants), solutions made by dissolving calcium 
chloride and magnesium chloride, or a combination of two or more of these sources of 

5 calcium and magnesium. It. will be imderstood that the aqueous treating solution used 
must contain calcium and magnesium in concentrations of at least the respective base 
amounts. Preferably, the aqueous treating solution wiU contain calcium and magnesiimi 
in concentrations of at least twice the respective base amounts. Where artificial solutions 
are made by dissolving calcium and magnesium salts, it will be understood that salts of 

10 sufficient solubility must be used; cddoride salts provide the simplest and most cost- 
effective option, but nitrates could also be used. Preferably, the salts used do not 
contribute to tiie alkalinity of the treating mixture. Accordingly, oxides and hydroxides of 
magnesiiun and calcium are best avoided. Salts of magnesium and calcium are selected 
so that anions present in one of them do not react in solution with cations of the other to 

IS produce a product of low solubility. For this reason, magnesiimi sul&te is unsuitable 
because it can lead to the formation of low solubiUty calcium sulfate (gypsum) and 
calcium sulfate itself is of little benefit because of its low solubiKty. 

In the process of the fourth embodiment, the red mud is mixed with the aqueous 
treating solution and typically agitated with the solution by suitable means. Agitation can 

20 be, for example, by stirring, circulation pumping, aeration or any other convenient means. 
Reaction of the red mud and the aqueoiis treating solution is initially r^id, but it is 
preferable to allow the treating solution to contact the red mud for sufficient time to allow 
the neutralisation to proceed essentially to completion. Typically, the red mud is 
contacted with the aqueous treating solution for at least two hours, more typically up to 

25 24 hours. Typically, the red mud is treated with the aqueous treating solution at ambient 
temperature, although lower or higher temperatures could also be vised. However, in view 
of the r^idity of the neutralisation reactions, use of elevated tanperatures does not confer 
any significant benefit. Use of lower ten^eratures than ambient also confers no benefit. 
Following treatmmt by. the processes described above, the at least partially 

30 neutralised red mud is allowed to settle and the spent aqueous solution is sepamted by 
decantation or centrifiigation (or any otiier suitable process or any combination of 
procedures) and discharged in an £q>propriate manner. As a result of the treatment, tiie 
aqueous treating solution becomes depleted in calcium and magnesium (and possibfy in 
some trace metals) and enriched in sodium; tibie at least partially neutralised red mud is 

35 enriched in calcium and magnesium and has a substantially lower sodium content The at 
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least partially neutralised red mud can be stored safely and has a reacticm pH (one part by 
weight of solids to five parts by weight of water) of less than 10.5. Minecals within the 
solid fiaction retain their acid neutralising capacity and may have a sligihtly increased add 
neutralising capacity if the solutions being used to complete the treatment had some 
5 alkalinity themselves. The neutralised solids obtained in this way retain some associated 
water containing predominantly sodium ions. Although it is safe to store these solids 
indefinitely^ fiitther processing steps may be applied. 

For exanq)le, tibie solid firaction may be screened to remove any foreign matter (e.g., 
sticks and stones) and then dried using one or more conventional procedures; e.g.» filter 

10 press, air drying, kiln drying, etc. Additionally or alternatively, although removal of pore 
water sodium is not normally necessary for most applications, if a low sodium content 
material is required, pore wat^ sodium can be removed by washing the neutralised red 
mud with low sodium water (firesh water) and the solids optionally dried After the solids 
are dried sufficiently, they can be broken up and screened to select desired size fiactions. 

15 Optionally, the resultant dried solids m^ be blmded with one or more other water 
treating additives to provide a composition in accordance with fiie third embodiment of 
the invention. Where it is intended that file neutralised red mud will be ^lied as a 
slurry, complete drying of the neutralised solids is not essential. Typically, a balance 
needs to be struck between the cost of additional drying and fiie cost of transporting the 

20 additional moisture to the site where the neutralised red mud is to be used. 

The dried solid typically has a fine grained structure wilfa about 80% of its tot^ 
weight having a particle size of less than 10 microns. Solids having a near-neutral soil 
} reaction pH (for example between 8.4 and 8.8) retain a high acid neutralising capacity and 

have Toxicity Characteristic Leaching Procedure values sufficiently low that they can be 

25 transported and used witibiout the need to obtain penhits that are usually required for the 
transport of potentially hazardous materials. 

Examples 

Examples 1-11: Compositions Including Neutralised Red Mud in Accordance with the 
Invention 

30 The following Examples illustrate con5)Ositicn$ in accordance with the invention 

containing neutralised red mud and an alkaline water treating additive. 
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Example No, 1 2 

Neutralised red mud 99% 95% 
Calciiun hydroxide 

Sodium carbonate 1% 5% 
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3 4 5 6 7 8 
90% 99% 95% 90% 80% 70% 
1% 5% 10% 20% 30% 
10% 



Example No. 9 10 11 

NeutraUsedredmud 99% 95% 90% 

Calcium hydroxide - 
Calcium carbonate 1% 5% 10% 

In the above examples^ all percentages are esqiressed in terms of percentages by 
weight of the total composition. 
Example 12: Treatment nf rVmtaiTiina ted Water 
5 A contaminated water was treated in a two step process in accordance with the 

invention as follows. The neutralised red mud used in the steps of this process was a 
sample of neutralised red mud obtainable from Virotec International Ltd., Sanctuary 
Cove, Queensland, xmder the name '3auxsor. The name Bauxsol is a trade mark of 
Virotec International Ltd. 
10 Step 1: Amounts of about Ig of a composition in accordance with example 5 per 

litre of the wata: were added to the water at intervals of about 2 hours, until the pH 
reached about 6,7. This required 4-5 grams of the composition per Utre of the water. 

Step 2: The mixture was allowed to settle for about 24 hours^ and the aqueous 
phase was separated. 

15 Step 3: Amounts of about Ig of a composition according to sample 1, per litre of 

tibie water, were added to the aqueous phase from St^ 2 about every 2 hours, imtil the pH 
reached about 8.2, This required 3-4 grams of the composition per Utre of the water. 

Step 4: The mixture was allowed to settle for about 24 hours and the aqueous phase 
was separated. 

20 The composition of the aqueous phase during the above treatment was as follows: 
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AJter 










pH 


2.8 


6.8 


8.2 


Al(ng/L) 


12340 


<25 


<5 


Cd(jig/L) 


94 


<30 


<0.5 


Cu(ng/L) 


314 


<30 


4.4 


Fe&ig/L) 


38120 


<10 


<1 


PbOig/L) 


n.d 


<1 


<0.5 


Mh(itg/L) 


9988 


-8,000 


1,027 




60 


<50 


22 




122388 


-60,000 


17.6 



(n.d. = not deteimined) 
Example 13 (Comparative'^ 

Separate samples of the same water treated as described in Example 12 were treated 
with different quantities of Bauxsol, each treatment being in a single step. Samples of flie 
water ware removed after 48 hours of contact with the Bauxsol, and the composition of 
the water was as follows 



Quantity of Bauxsol added (g^): 


0 


5 


10 


25 


50 


pH 


2.8 


6.83 


6.94 


7.86 


8.08 


AlOigO.) 


12340 


4 


4 


11 


23 




94 


13 


<1 


<1 


<1 


CuOig/L) 


314 


<1 


<1 


<1 


<1 


Fe(ng/L) 


38120 


<1 


<1 


<1 


<1 




9988 


8637 


7977 


705 


47 


Ni(^g/L) 


60 


48 


34 


5 


<1 


ZhQig/L) 


122388 


64307 


20350 


146 


53 



It will be seen that in order to obtain water of comparable quality (particularly in 
relation to the zinc concentration, for which the discharge limit in Australia is cuirently 
SO iigfL) to that obtained in Example 12, at least 3 times the quantity of Bauxsol was 
required in this single step treatment, compared to the two stage treatment described in 
Example 12. Furthermore, it will be seen that when large quantities of Bauxsol are used, 
altuninium removal efficiency begins to decrease. . 
Example 14 

About 3 million litres of water was treated using a two stage treatment process 
involving two different neutralised red mud blends. The neutralised red mud used in this 
process was neutralised red mud obtainable from Viiotec International Ltd,, Sanctuary 
Cove, Queensland, under tfie name of ^^auxsol". The name Bauxsol is sl trade mailc of 
Virotec International Ltd. 
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Step 1: 7 grams of a composition in accordance with Example 7 per litre of water 
were added as the wat«: was punqjed down a pipe to a holding dam, 6 kilometers away; 
the time required to reach the holding dam was about S hours. 

Step 2: Hie mixture was allowed to setde and the solid phase was allowed to 
s separate to the bottom. 

Step 3: Amounts of about 0,75 grams of a composition in accordance with 
Ex^ple 5 per litre of the water were added to the water at intervals of about 24 hours. 
This required 4.65 grams of the con5)osition per litre of the water. 

Step 4: The mixture was allowed to settle for about 24 hoiirs for the aqueous and 
10 solid phases to separate. 





Before 


After 


After 




treatment 


Step 2 


Step 4 


pH 


3.22 


6.8 


8.3 


Al(mg/TL) 


109 


0.1 


<0.05 


Cd (mg/L) 


O.05 


<0.05 


<0.05 


Cu(mg/L) 


0.24 


0.08 


<0.05 


Fe (mg/L) 


235 


<0.1 


O.l 


Pb (mg/L) 


1.19 


<0.05 


<0.05 


Mn(mg/L) 


226 


24.3 


2.32 


Ni (mg/L) 


0.43 


<0.05 


<0.05 


Zn (mg/L) 


19.79 


2.1 


0.04 


S04^'(mg/L) 


4961 


n.d. 


1692 


TDS (mg/L) 


13900 


iLd 


6140 



(rtd. = not detemiined; TDS represents total dissolved solids) 

(Note: Ma concentrations were continuing to decrease when thb last sample reported 
above was tak^) 
IS Example 15 

A caustic red mud sample fiom a bauxite refinery was neutralised by adding a 
seawater to which calcium chloride and magnesium chloride had been added; the use of 
pure seawater at tiiis refinery was not possible because dilution of the ambient seawater 
by tcesh water from a nearby river meant that the concentrations of both calcium and 

20 magnesium were below the mtnimum required values (base amoimt values) of 320 mg/L 
calcium and 290 mgfL magnesium. The concentrations of calcium and magnesium in the 
seawater near the refinery were only 10 mg/L calcium and 20 m^L magnesium. 

Two litres of the caustic red mud suspension, with an initial total alkalinity of 
146,000 mg/L (as calcium carbonate equivalent alkalinity) and an initial pH of 13.19, 

25 were placed in a large beaker and treated with 8*7 litres of saline brine. Tbie saline brine 
was prepared by adding 20 g of calcium diloride 0.e. 2 gfL) and ISO g of magnesium 
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chloride (i.e. IS g^) to 10 L of artificial seawater made up to simulate the amhimt 
seawater near the refinery (i.e. an initial calcium concentration of 10 mg/L and a 
magnesium concentration of 20 mg/L). The mixture was iSbsa agitated for 1 hour, left to 
stand for 24 hours and ceatrifiiged to sq>arate the solid fiaction. The solids fi:action had a 
reaction pH (1 part solid to 5 parts water) of 8.54. The liquid firaction had a residual 
calcium concentration of 305 mg/L and a residual magnesium concentration of 269 mg/L; 
these remaining concentrations £^proximate the miniitnim (base amount) concentrations 
of magnesium and calcium required to achieve complete neutralisation. 

In this example, aod in all other neutralisation work using this procedure, the exact 
addition volumes required depend on fh& target pH for the treated mixture. Near the end 
point the amount of treating solution required can vary by up to 10% lor a change of as 
little as 0.2 pH imits as illustrated in Example 16. It is therefore recommended that 
mixing ratios for all treatments need to be bench tested in the laboratory before being 
q^plied on larger scales in &e field. 
Example 16 (Comparative) 

A caustic red mud sample fit>m another bauxite refinery was neutralised by adding a 
seawater that had a similar composition to world average seawater. The mixture was 
agitated for 10 mins then left to stand for 2 hours between the addition of each seawater 
increment. 

The reaction pH of the original red mud was 13.22 and the pH for various mixtures 
of red mud and seawater are shownin Table 1 



TABLE 1 



Volume of seawater : volume of red mud 


pH for tbte mixture 


0: 


1 


13.2 


2: 


1 


12.3 


4 : 


1 


11.3 


5 : 


1 


10.0 


7: 


1 


9.3 


8 : 


1 


9.0 


10 


: 1 


8.8 


11 


: 1 


8.7 


12 


: 1 


8.6 


13 


: 1 


8.5 
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The pH values given in Table 1 are the pH values of the aqueous solution when 
mixed with the red mud These vahies are not necessarily the same as fbs reaction pH of 
the neutralised red mud after it is separated ftom the aqueous treating solution and then 
mixed with five parts by weight of distilled or deionised water. In fact the latter pH will 

5 typically be higher because under the treatment conditions described herein the red mud 
and the aqueous treating solution will not usually readbi equilibriimi. 

As seen ifrom Table 1, the change in pH as more seawater is added is not Unear and 
reflects a series of complex precipitation, dissolution and dilution reactions that take place 
during neutralisation. The solids extracted foUowmg centrifiigation had a reaction pH (1 

10 part solid to 5 parts water by wdght) of 8.46. 
Example 17 

This example is similar to Example 16, except that in this treatment the seawater 
had been evqjorated. Specifically, an original 30 litres of seawater was evaporated to a 
volxmie of 20 litres prior to treating the red mud. The treatment conditions were 
15 otherwise the same as for Exanq^le 16. 

The pH of the aqueous liquid in contact with flie red mud, for various mixtures of 
red mud and the ev^orated seawater are shown in Table 2 



TABLE 2 



VoltDue of water : volume of red mud 


pH for the mixture 


0;1 


13.2 


1:1 


12.5 


2:1 


U.2 


2.5 : 1 


10.0 


3.5:1 


9.4 


4:1 


9.1 


5:1 


8.9 


5.5:1 


8.7 


6:1 


8.6 


6.5:1 


8.4 



These results demonstrate the surprising deocease in the volume of treating water 
20 needed to aichieve a given final pl^ compared to the use of seawater. In this example, to 
reach a pH of about 8.6 for the mixture, about 6 parts by volume of the evirated 
seawater, which was obtained &om 9 parts by volume of the original seawater, was 
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needed. However, to achieve the same pH by treating the red mud with imev^orated 
seawater, about 12 parts by volume of the seawater were needed. The reduction in the 
volume of water required reflects both the increased calcium . and magnesium 
concentration in the evai)oratively concentrated seawater and the reduction in the amount 
and proportion of the calcium and magnesium required to supply the base amount once 
the water volume is reduced. 

The ability, which the present invention provides, to neutralise red mud by a 
substantially smaller volume of water than by the use of seawater, is a significant benefit 
that is a consequence of the inventors* discovery tibat the amounts of calcium and 
magnesium required to at least partially neutralise red mud each comprise a base amount 
and a treating amount, as defined herein. 
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Claims 

1. A process for treating acidic water containing dissolved inoiganic substances, 
comprising the steps of 

(i) adding a pH-raising additive in an amount sufficient to increase fixe pH of the 
water to a predetennined value; and 

(ii) adding neutralised bauxite refinery residue to the water in an amount 
sufficient to decrease the concmtration of at least one of said inorganic substances in said 
water to below a predetemoined level. 

2- A process according to claim 1, wherein after step (i) said water contains 
water-insoluble substance suspended therein, further including the step of s^arating or 
allowing to settle at least part of the water-insoluble substance be&re step (ii). 

3. A process according to claim 1, wherein said pH raising additive is selected 
fiom the groxip consisting of calcium hydroxide, sodium caibonate, sodium hydroxide, 
potassium hydroxide, sodium bicarbonate, calcium carbonate and magnesium oxide. 

4. A process according to claim 1, wherein said neutralised bauxite refinery 
residue is added together with one or more water treating additives. 

5. A process for treating water containing dissolved inorganic substances, 
comprising the steps of 

(i) adding a first amount of neutralised bauxite refinery residue to said water in 
an amount sufficient to decrease the concentration of at least one inorganic substance in 
said water; and 

(ii) adding a second amount of neutralised bauxite refinery residue to said watCT 
in an amount sufficient to decrease the concentration of at least one of said inorganic 
substances to below a predetermined level; 

whCTein in at least one of step (i) and stq) (ii), said neutralised bauxite refinery 
residue is added to said water together with one or more water treating additives. 

6. A process according to claim 5 further comprising at least one subsequent 
addition of neutralized bauxite refinery residue, with or without added water treating 
additives, in an amount sufficient to decrease the concentration of at least one other 
inorganic substance to below a predetermined level 

7. A process according to claim 5 furtho: including the step of separating or 
allowing to settle at least part of any insoluble material suspended in the water ater step 
(i) and before step (ii). 

8. A process according to claim 5, comprising the steps of 

(i) adding a first amount of neutralised red mud to said water in an amount 
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. sufBdent to decrease the concentration of at least one of said inorgamc substances in said 
water; 

(ii) adding a second amount of iieutralised red mud to said water in an amount 
sufficient to decrease the concentratiaii of at leasttOjae of said inorganic substances in said 
water; and 

(iii) adding a third amount of neutralised red mud to said water in an amount 
sufficient to decrease the concentration of at least one of said inorganic substances to 
below a predetermined level; 

wherein in at least one of steps (i^ (ii) and (iii), said neutralised red mud is added to 
said water together with one or more water treating additives. 

9. A process according to claim 8, further including the step of 

(i) (a) sq)arating or allowing to settle at least part of any msoluble material 
suspended in the water after step (i). 

10. A process according to claim 8, fimfaer including the step of 

(ii) (a) separating or allowing to settle at least part of any insoluble material 
suspended in the water after step Qiy 

11. A process according to claim 8, iiulfaer including fhe steps of 

0(a) separating or allowing to settle at least part of any insoluble material 
suspended in the water after step (i) and 

(ii)(a) separating or allowing to settle at least part of any insoluble material 
suspended in the water after step (if). 

IZ A process according to any one of claims 5-11, wherein said water treating 
additive is selected fiom the g/coup consisting of alkali metal hydroxides, alkali metal 
carbonates, alkaline earth metal hydroxides, alkaline earth metal caifoonates^ alkaline 
earth metal oxides, caelum hypochlorite, sodixun hypochlorite, sodium alum, ferrous 
sulfate, ahiminitun sul&te, soluble phosphates, phosphoric acid, hydrotalcite, zeolites, 
olivines, pyroxenes, barium chloride, silicic acid and salts thereoJ^ meta silicic acid and 
salts thereof and magadiite. 

. 13. A process according to claim 12,. wherein, said water treating additive is 
selected fiom the group consisting of sodium hydroxide, sodiimi caifoonate, calcium 
hydroxide, calcium carbonate, magnesium oxide, caldum hypodhlorite, sodium 
hypochlorite, sodium alum, ferrous sul&te, aluminium sulfate, ammonimn phosphate, 
phosphoric acid, hydrotalcite, zeolites, olivines, pyroxenes, barium chloride^ sihcic acid 
and salts thereof meta silicic acid and salts thereof, and magadiite. 

14. A composition comprising a mixture of neutralised bauxite refinery residue 
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and a water treating additive. 

15. A composition according to claim 14 which is a mixture of neutralised 
bauxite refinery residue and one or more substances selected from the giD\q> consisting of 
alkali metal hydroxides^ alkali metal carbonates, alkaline earth metal hydroxides, alkaline 
earth metal carbonates, allfalinf^ earth metal oxides, calcium hypochlorite, sodium alum, 
ferroiis sulfate, aluminium sul&te, soluble phosphates, phosphoric add, hydrotalcite, 
zeolites, olivines, pyroxenes, barium dhloride, silicic acid and salts thereof, m^ silicic 
acid and salts thereof, and magadiite. 

16. A process for neutralising red mud, comprising mixing red mud with an 
aqueous treating solution containing a base amount and a treating amo\mt of calcium ions 
and a base amount and a treating amount of n>agnesium ions, for a time sufficient to 
produce an at least partially neutralised red mud and a spent aqueous solution, wh^ein: 

said at least partially neutralised red mud has a reaction pH, when one part by 
weight is mixed with 5 parts by weight of deionised or distilled water, of less than 10.5; 

said base amounts of calcium and magnesium ions are 8 millimoles and 12 
millimoles, respectively, per litre of the total volume of said treating solution and said red 
mud; 

said treating amount of calciiun ions is at least 25 millimoles per mole of total 
alkalinity of the red mud expressed as calciiun carbonate equivalent alkalinity; and 

said treating amount of magnesiiun ions is at least 400 millimoles per mole of total 
alkalinity of the red mud expressed as calcium carbonate equivalent alkalinity, 

provided that said aqueous treating solution is other than seawater. 

17. A process according to claim 1 6 wherein said treating amount of caldxmi ions 
is from 25 to 50 millimoles per mole of total alkalinity of the red mud e^qpressed as 
calcimn carbonate equivalent alkalinity. 

18. A process according to claim 16 or claim 17 wherein said treating amount of 
magnesium ions is from 400 to 600 millimoles per mole of total alkalinity of the red mxid 
expressed as calcium carbonate equivalmt alkalinity. 

. .19. A process according to claim 16 wherein said treating amount of magnesium 
ions and said treating amount of calcium ions are in a molar ratio in the range of 12 to 20. 

20. A process according to claim 16 wherein said reaction pH is in the range of 
from SA to 8.8. 

21. A process according to claim 16 wherein said aqueous treating solution is a 
bittern brine* 
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22. A neutralised red mud whca prepared by the process of any one of claims 16 
to2L ^ ' 

23. A process accordinjg to claim 1 whereia said neutralised bauxite refinery 
residue is a neutralised red mud according to claim 22. 

s 24. A process according to claim 5 wherein said neutralised bauxite refinery 

residue in at least one of step , (i) and step (ii) is a neutralised red mud according to claim 
22. 

25. A composition according to claim 14 wherein said neutralised bauxite 
refinery residue is a neutralised red mud according to claim 22. 
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